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2,3-DIHYDRO-IMIDAZO][2,1-B]BENZOTHIAZOLE
COMPOSITIONS TO TREAT DEPRESSIONS

BACKGROUND OF THE INVENT;QN

In Russian Pat. No. 443,039, in Chem. Pharm. Bull. 18
(10) 1981-1986 (1970) and in Chem. Ind. 1970, (39),
1261-2 there are described a number of imidazo[2,1-
b]benzothiazole derivatives, which are useful as phar-
maceuticals. The compounds of the present invention
differ from these prior art compounds by the saturation
of the double bond between Cz and Cz and by their

monoamine oxidase inhibitor activities, resulting in their

usefulness as antidepressants and ‘as antl Parkinsonism
agents. :

~ DESCRIPTION OF THE PREFERRED
EMBODIMENTS

This invention is concerned with novel 2 3-d1hydro-dl

imidazo[2,1-b]benzothiazoles, which may structurally
be represented by the formula

(I-a)

and the pharmaceuticaﬁy accéptable acid addition salts
thereof, the imidazo[2, l-b]benzothlazohum salts of for-
mula

(I-b)

RS - . = . +
R7 S . N RY
\f g lfkl . X1
N :
R R3
‘ 5 R* n
. R :

and metal salt complexes thereof, wherein: -
R! and R3 are each independently selected from the

. group consisting of hydrogen and lower alkyl;

R2 and R4 are each independently selected from the

group consisting of hydrogen, lower alkyl, aryl, aryl--

lower alkyl, lower alkyloxy-lower alkyl or aryloxy-
lower alkyl.

RS, RS, R7 and R#8.are each mdependently selected

from the group consisting of hydrogen; halo; nitro;
alkyl having from 1 to 20 carbon atoms; cycloalkyl
having from 3 to 6 carbon atoms; hydroxy, lower al-
kyloxy; aryloxy; a-hydroxy-arylmethyl; amino; mono-
and dialkyl-amino; mono-, di- and trihalo-lower alkyl-
 amino; lower alkenylamino; lower alkynylamino; (aryl-
lower alkyl)amino; (lower alkyloxy-lower alkyl)amino;
(hydroxylower alkyl)amino; (aryloxy-lower alkyl-
)Jamino; [mono- and di(lower alkyl)aminolower alkyl-
Jamino; - lower alkanoylamino; N-(lower ‘alkyllower
alkanoylamino; aminocarbonylamino; (1-lower alkyl-4-
piperidinyl)amino; cycloalkylamino wheréin said cyclo-
alkyl represents a mono-, bi-, tri- or tetracyclic hydro-
carbon radical having from 3to 10’ carbon atoms and a
radical of the formula
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~N+=~=CH==C(COO lower alkyl)z
RIO .

wherein R10 is selected from the group consisting of
hydrogen, lower alkyl, lower alkenyl and lower alky-
nyl; or, when taken together RS and RS, R6and R7, or
R7and RS may form a tri- or tetramethylene bridge or
complete a' fused benzene nucleus;

R?is a member selected from the group consisting of
lower alkyl, lower alkenyl, lower alkynyl and aryllower
alkyl; and

X is a pharmaceutically acceptable anion and n repre-
sents the valency of the anion;

wherein aryl as used in the foregoing definitions is
phenyl, optionally substituted with 1 to 3 substituents
each independently selected from the group consisting
of halo, lower alkyl, lower alkyloxy. and trifluoro-
methyl; and aroyl is arylcarbonyl.

As used in the foregoing and in the following defini-
tions, the term “halo” is generic to fluoro, chloro,
bromo and iodo; “lower alkyl” is meant to include

-straight and branched hydrocarbon radicals having

from1to 6 carbon atoms such as, for example, methyl,
ethyl, ' 1-methylethyl, 1,1-dimethylethyl, propyl, 1-
methylpropyl, 2-methy1propyl, butyl, pentyl, hexyl and
the like; “alkyl” is meant to include the above men-
tioned ‘meaning of “lower alkyl” and the higher homol-
ogous havmg from 7 to 20 carbon atoms such as, for
example, heptyl octyl, nonyl, decyl, undecyl dodecyl
and the like; “lower alkenyl” and “lower alkynyl” are

.meant to include straight and branched alkenyl, respec-

tively. alkynyl, radicals having from 2 to 6 carbon

- atoms, such as, for examp]e, ethenyl, 2-propenyl, 2-

butenyl and the like, and, respectively, ethynyl, 2-pro-
pynyl; 2-butynyl and the like; “cycloalkyl, having from
3:to 6 carbon atoms”, as used in the definition of R5, RS,

. R7 and R8 refers to cyclopropyl, cyclobutyl, cyclopen-

-4yl and cyclohexyl; and.“cycloalkyl, having from 3 to
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10 carbon atoms”as it is employed as part of cycloalk-
ylamino in’ the' definition of said R5, R6, R7 and RS,
refers to mono-, bi-, tri- and tetracyclic hydrocarbon
radicals such'as; for example, cyclopentyl, cyclooctyl,

* bicyclo[3,2; 1]octane, tncyclo[3 3,1,13 7]decane and the
‘like.

The anion X in the foregoing formula (I-b) may be
any pharmaceutically acceptable anion but is preferably
an ion arizing from a reactive ester such as, for example,
a halide ion, preferably a chloride-, bromide- or iodide
ion, or another ion arizing from a reactive ester such as
a methanesulfonate or a 4-methylphenylsulfonate ion.
Other pharmaceutically acceptable anions falling within
the scope of X" are, for example, anions arizing from
mineral acids, e.g., nitrate, sulfate and phosphate anions,
and anions arizing from pharmaceutically acceptable
organic acids such as, for example, the amons of acetic-,
propanoic- and the like acids.

The compounds of formula (I-a} can be derlved from
an appropriately - substituted 2-(2-benzo-
thiazolylamino)ethanol of formula (II) or from an ap-
propriate 2-imino-3(2H)-benzothiazoleethanol of for-
mula (IH) by cyclizing said intermediates following
art-known cyclizing procedures.
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R . (I
R? S N - Rl
\Ir <R2
NHO—r_
6 . R3
R R*
R

(I

5
RS HO
‘ R’ S ~NH t R!
R2
N
R6 R R3
RS

Rl R? R3, R4, RS, RS, R7 and RS are as previously
described. :
The above-mentioned cyclization-reactions may be
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carried out by stirring and heating the intermediates of ,,

formula (I) or (III) in an aqueous strong acidic medium

such as, for example, aqueous hydrochloric acid, aque-
* ous sulfuric acid and the like, if desired in admixture
with a reaction-inert organic solvent such as 1,4-diox-
ane, tetrahydrofuran and the like.

In order to improve the yields of said cyclization-
reactions the hydroxyl function of the intermediates (II)
or (III) may be previously converted into a reactive
ester residue such as, for example; halo, preferably
_ chloro, bromo or iodo, or a sulfonyloxy group, e.g.,

* methylsulfonyloxy, 4-methylphenylsulfonyloxy and the
like; by reacting said alcohols (II) or (III) with an ap-
propriate halogenating agent, e.g., thionyl chloride,
phosphorpentabromide and the like, or with an appro-
priate 'sulfonating agent, e.g., methylsulfonyl chloride,
4-methylphenylsulfonyl chloride and the like. The thus
obtained intermediates are then cyclized by stirring the
latter in an appropriate solvent such as, for example, an
; amide; e.g., N,N-dimethylformamide and the like; di-
methylsulfoxide and the like. Somewhat elevated tem-
peratures and the addition of a suitable base such as, for
example, an alkali metal or an earth alkaline metal car-
bonate or hydrogen carbonate, e.g., sodium hydrogen
carbonate, potassium carbonate and the like, may ad-
vantageously be used to enhance the rate of the reac-
tion.

The compounds of formula (I-a) may also be pre-
pared by cyclizing an appropriately substituted 1-aryl-
4,5-dihydro-2-mercapto-1H-imidazole of formula (IV),
wherein L represents an appropriate leaving group such
as, for example, halo, preferably chloro, bromo or iodo.

N Rs ) .
.R7 LS N R!
<l
o Y R?
N qf

RS R R3

. ‘ RS
R1, R2, R3, R4, RS, RS, R7 and RS are as previously

described.

Said cyclization-reaction may be carried out follow-
ing art-known cyclizing procedures generally known in
the art, e.g., by stirring and heating the intermediate

(IV) in the presence of a suitable reaction-inert solvent,
e.g., N,N-dimethylformamide and the like, if desired in
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4
the presence of an appropriate base, e.g., sodium car-
bonate and the like.

Certain compounds of formula (I-2) may be derived
from other appropriately substituted compounds (I-a)
by introducing or modifying certain substituent groups
according to generally known methods of effecting
transformations of functional groups.

Specific examples of functional group transforma-
tions which can easily be carried out are as follows:

(i) Nitro-substituted compounds may be prepared by
nitrating the corresponding unsubstituted analogs in the
usual manner, e.g., by stirring and heating a nitrate salt
of the latter in an appropriate strong acidic medium,
e.g., iqueous sulfuric acid and the like.

(ii) Nitro-substituted compounds can be converted
into the corresponding primary amines according to
standard nitro-to-amine reducing procedures, e.g., by
catalytically hydrogenating the nitro compound in the
presence of an appropriate catalyst, e.g., Raney-nickel,
palladium-on-charcoal or platinum-on-charcoal.

(iit) Primary amines can in turn be alkylated to pro-
duce secondary and tertiary amines following standard
N-alkylation procedures. For example, said N-alkyla-
tion may be performed by the reaction of the amine
with an appropriate reactive ester, e.g. a halide, a meth-
anesulfonate or a 4-methylphenylsulfonate. Otherwise
there may be carried out a reductive amination by sub-
jecting a mixture of the amine with an appropriate car-
bonyl compound in the presence of an appropriate cat-

-lyst, e.g. platinum-on-charcoal to a catalytic hydrogena-

tion.

Similarly such a reductive amination may also be
achieved by reducing a mixture of the amine and an
appropriate carboxylic acid with an appropriate reduc-
ing agent, e.g., sodium borohydride. In order to prepare
secondary amines it may be appropriate to first intro-
duce an appropriate protecting group, thereafter intro-
ducing the desired substituent, and finally removing the
protecting group. An example of an appropriate pro-
tecting group is a di-(lower alkyl) 2-methylenepropane
dioate radical which may easily be introduced by the
reaction of the amine with a diflower alkyl) 2-(fower
alkyloxymethylene)propanedioate, and which may eas-
ily be removed by acid hydrolysis, e.g. in aqueous hy-
drochloric acid.

(iv) Alkanoylamino-substituted compounds can be
prepared by acylating the corresponding amine in the
usual manner with an appropriate acylating agent, e.g.
an acyl halide or acid anhydride. In order to prepare
formylamino-substituted compounds their may be used
formaldehyde and also N,N-dimethylformamide as an
acylating agent.

(v) Compounds bearing an aminocarbonylamino sub-
stituent can be prepared by reacting the corresponding
amine with an appropriate alkali or earth alkaline metal
cyanate, e.g. potassium cyanate and the like.

(vi) Hydroxy-substituted compounds may be derived
from the corresponding lower alkyloxy- or aryllower
alkyloxy-substituted compounds by treating the latter
with a strong non-oxidizing acid, e.g. hydrobroemic acid
in acetic acid.

(vii) Compounds bearing an a-hydroxy-arylmethyl
substituent can be derived from the corresponding ar-
oyl-substituted analogs by reducing the carbonyl group
of the latter using an appropriate reducing agent, such
as, sodium borohydride and the like.

The compounds of formula (I-a) may conveniently be

. converted into their quaternary ammonium salts of



5
with a reagent of formula (V), wherein R is as previ-
ously defined and Z is a reactive ester group such as, for

example, halo, e.g., chloro, bromo or iodo, or a sul-
fonyloxy group, e.g. methylsulfonyloxy, 4-methyl-

phenylsutfonyloxy and the like, and, if desired, subse-,

quently exchanging the anion Z of the thus obtained
compound of formula (I-c) for another therapeutically
acceptable anion X, having n as valency.

RS 1|‘9
R? S N R!
9 \f' _
(I-a) +R9—Z —> i r2 |z
N .
6 S IeR3
v |r 5 Tox
R
(I-c)
(-b)

The reaction of (I-a) with (V) is conveniently carried
out by stirring and heating the reactants together in the
presence of a suitable reaction-inert solvent such as, for
example, a nitrile, e.g., acetonitrile, benzonitrile and the
like; halogenated hydrocarbons, e.g., dichloromethane;
and other common solvents including dimethylformam-
ide and the like. Most preferably, the reaction is carried
out at the reflux temperature of the reaction mixture.

4,262,004

formula (I-b) by reacting a compound of formula (I-a)
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The anion-exchange reaction may be accomplished

following art-known methods such as, for example, by
treating a compound of formula (I-c) with a large molar
excess of an acid corresponding to the- anion of the
desired salt, or, more preferably, by bringing the salt of
formula (I-c) into contact with an ion-exchange resin,
which is saturated with the desired anion, and subse-
quently eluting the desired salt (I-b) from the resin with
a suitable relatively polar solvent, or by first converting
the salt (I-c) into the corresponding hydroxide and
subsequently reacting the latter with an acid corre-
sponding to the anion of the desired salt. The salt (I-c)
can be converted into the corresponding hydroxide,
e.g., by its reaction with a base or by contacting said salt
with an ion-exchange resin, which is saturated with
hydroxide ions, and eluting the thus obtained hydroxide
from the ion-exchange resin with a suitable relatively
polar solvent.

Metal salt complexes of compounds of formula (I-a)
may be obtained by the complexation of the latter with
an organic or inorganic transition metal salt, such as, for
example, halides, nitrates, sulfates, phosphates, (Z)-
butenedioates and the like of copper, manganese, zinc,
iron and the like transition metals, wherein said transi-
tion metals may have any of their naturally existing
valencies.

In practice, stoechiometrically defined metal salt
complexes may be prepared by dissolving a compound
of formula (I-a) in a water-miscible solvent such as, for
example, warm ethanol, methanol, 1,4-dioxane or N,N-
dimethylformamide, and adding thereto an aqueous
solution of the desired metal salts such as, for example,
CuS04.5H;0, Mn(NO3):.4H,0, FeCl3.6H20 and the
like.

A number of the intermediates used in the foregoing
preparations are known compounds, others may be
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prepared according to art-known methodologies of
preparing similar compounds and some of them are
novel and consequently their preparation will be de-
scribed hereafter. N

The intermediates of formula (II) may be prepared by
cyclizing an appropriately substituted thiourea (VI)
wherein the R-substituents are as previously defined
and Y represents hydrogen or a reactive leaving group
such as, for example, halo, e.g., chloro, bromo, iodo,
following art-known procedures.

RS
,
R Y ol R
N cyclization
RS NH—C—NH—C—C—QH —SYEIZ8Ion 5, (17
RS N RS/ \R4
Vi)

In case Y is a reactive leaving group the cyclization-
reaction can.be carried out by stirring and heating the
thiourea (VI) in a suitable reaction-inert organic sol-
vent, e.g., N,N-dimethylformamide and the like, prefer-
ably, in the presence of an appropriate base, such as an
alkali metal or an earth alkaline metal carbonate or
hydrogen catbonate or -an alkali metal hydride, e.g.,
sodium carbonate, sodium hydride and the like. In case
Y is hydrogen said cyclization may be carried out by
stirring and heating the thiourea (VI) in a suitable reac-
tion-inert solvent, e.g., trichloromethane, glacial acetic
acid and the like, in the presence of a suitable halogenat-
ing agent, e.g., bromine and. the like. The latter proce-
dure may yield directly the corresponding compound of
formula (I) when at least one of R3 and R4 is a suffi-
ciently electronegative group such as, for example, an

. aryl group.

The intermediates of formula (VI), used as starting
materials herein, can be prepared by reacting an appro-
priate arylisothiocyanate (VII) with an appropriately
substituted 2-aminoethanol (VIII). In the following
reaction equation all R-substituents have their previ-
ously defined meanings.

RS
R’ Y Rl\ /R2
+ HaN—C—C—OH —>(II)
RS N=C=$§ R3 \R4
RS
(VID (VIID

. Said reaction is carried out by stirring and, if desired,
heating the reactants together in the presence of a suit-
able reaction-inert solvent such as, for example, a lower
alkanol, e.g., ethanol, 2-propanol and the like.

The isothiocyanates (VIT), used as starting materials
herein can be prepared following art-known methods of
preparing such or similar products.

The intermediates of formula (I1I) can be prepared by
N-alkylating an appropriately substituted 2-aminoben-
zothiazole (IX) with an appropriate alcohol (X) follow-
ing art-known N-alkylating procedures, i.e., by stirring
and, if desired, heating the reactants together in the
presence of a suitable reaction-inert solvent such as, for
example, a nitrile, e.g., acetonitrile and the like. In the
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following reaction equation the R-substituents are as
previously defined and W represents a reactive ester
residue such as, for example, halo, preferably, chloro,
bromo or iodo, or a sulfonyloxy group, e.g., methylsul-
fonyloxy, 4-methylphenylsulfonyloxy and the like.

RS
R! R3
R7 s NH; ]
YO+ w—clz-—cl:-ou —>an)
6 N . R? R4
R
RS '

aIxy X)

The intermediates of formula (III) wherein R3is aryl,
(II-a), are preferably prepared by the reaction of axy
with an appropriate carbonyl compound of the formula
(XD) yielding an intermediate of formula (XII), and
subsequently reducing the latter with an appropriate
reducing agent, e.g. sodium borohydride. The reaction
of (IX) with (XI) may be carried out following the
procedure described hereabove for the reaction of Ixy
with (X). '

TR
(IX) + W—C—C—aryl N-alkylation 5
|
R2
X1
I P i
R7 s NH—C—C—aryl reduction Hl-a)
Y l'{ , S
RS N '
RS
(X1

It is obvious that the compounds of formula @D
wherein R1is other than R2 and/or R3 is other than R4
have at least one asymmetric carbon atoms and, conse-
quently, said compounds may exist under different en-
antiomeric forms. Pure enantiomeric forms of the com-
pounds (I) may be obtained by the application of art-
known procedures such as, for example, separation of
their diastereomeric salts with optically active acids and
the like procedures. Isomers of compounds of formula
(I) are naturally intended to be embraced within the
scope of this invention.

The compounds of formula (I) have basic properties
and thus may be converted to their therapeutically use-
ful acid addition salts by reaction with an appropriate
acid, for example, an inorganic acid such as hydrohalic
acid, i.e., hydrochloric, hydrobromic or hydroiodic
acid; sulfuric, nitric or thiocyanic acid; a phosphoric
acid; and organic acid such as acetic, propanoic, hy-
droxyacetic, 2-hydroxypropanoic, 2-oxopropanoic,
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ethanedioic, propanedioic, L, 4-butanedioic, (Z)-2-
butenedioic, (E)-2-butenedioic, 2-hydroxy-1,4-butanedi-
oic, 2,3-dihydroxy-1,4-butanedioic, 2-hydroxy-1,2,3-
propanetricarboxylic, benzoic, 3-phenyl-2-propenoic,
a-hydroxybenzeneacetic, methanesulfonic, ethanesul-
fonic, 2-hydroxyethanesulfonic, 4-methylbenzenesul-
fonic, 2-hydroxybenzoic, 4-amino-2-hydroxybenzoic,
2-phenoxybenzoic or 2-acetyloxybenzoic acid. The salts
are in turn converted to the corresponding free bases in
the usual manner, e.g. by reaction with alkali such as
sodium or potassium hydroxide.

The compounds within the scope of this invention
display valuable monoamine oxidase (M.A.O.) inhibit-
ing properties. Monoamine oxidase has been classified
into two types A and B which can be differentiated
according to their substrate specificity and inhibitor
sensitivity. In rat brain, for instance, tryptamine is oxi-
datively deaminated by the type A enzyme while 8-
phenylethylamine is preferentially catabolized by the
type B enzyme.

The potencies of compounds of formula (D) as M.A-
.O.-inhibitors were determined in an in-vitro experiment
as described below.

PREPARATION OF THE MONOAMINE
OXIDASE EXTRACT

Male Wistar rats, weighing 150 to 200 g, are killed by
decapitation. Brain and other tissues are quickly re-
moved and homogenized in an ice cold 0.25 M sucrose
solution with a homogenizer. The total homogenate is
centrifuged at low speed (7000 g-min) in a refrigerated
centrifuge. The supernatant is stored at 0° C. and the
sediment, which contains cell nuclei, unbroken cells and
debris, is rehomogenized in an ice cold 0.25 M sucrose
solution and centrifuged again at 7000 g.min.. The thus
obtained supernatants are combined to yield the mono-
amine oxidase extract.

DESCRIPTION OF THE IN-VITRO
EXPERIMENTS

A mixture, containing 0.5 mmoles of [14C]tryptamine
(specific activity: 50.34 mCi/mmole) or 0.5 mmoles of
[“C] phenylethylamine hydrochloride (specific activ-
ity: 50.98 mCi/mmole), 113 mmoles of potassium phos-
phate (pH 7.4), the substance to test and 100 11 of the
hereabove described monoamine oxidase extract in a
total volume of 0.5 ml, is incubated at 37° C. for 20
minutes. The reaction is stopped by adding 0.2 ml of 2
N HCl and the reaction product is extracted in 6 ml of
methylbenzene. 4 ml of the organic phase is counted for
the radioactivity in a liquid scintillation spectrometer.

The data listed in tables 1 and 2 represent the concen-
trations of the tested compounds which inhibit 50% of
the monoamine oxidase activity, using tryptamine, re-
spectively 8-phenylethylamine as substrate. The com-
pounds listed in the tables are not given for the purpose
of limiting the invention thereto but in order to exem-
plify the M.A.O. inhibitory activities of the compounds
within the scope of formula @.
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TABLE 1
5 PSR
S zN
. T 3
N 3
5 .
I.C.50-value . using as substrate in mole/liter:

RY R ["4Cltryptamine [14Clphenylethylamine : HCI:

— 7T-OH 2 x 10-6 —

—  s5a 1.2 x 10-7 6 x 10~7

— " 7-OCH3 28 X 10~7 14 X 103

— - 7-0C¢Hs 4.5'x 10-7 9.5 x 10—8

— © 6,7<(CH2)3 55.x 10-8 1.2 X 1073 -

—  56{(CH=CH—CH=CH) 6% 109 4% 10—

—  T<.CeHp 1.2 x 10-8 6.5 x 108

—. - 6-CO—CgHs 22 x 107 3 x 10-¢
2-C¢Hs 7-C3Hy 2.5 X 106 6 % 100

—  5-CH; 22x 1077 - 4x 106

—  6-CzHs’ 1.4 x 107 10-5

—  7-CeHj3 2% 10-8 4% 108

—  6NH—CHs 1.8 x 108 4 x 103

—  7-NH=CyHs 10-7 4.5 x 103

—~  8NH—C3Hs 2x1077  4x10-5

—  6-NH—i'. C3Hy 1.8 X 107-8 34 x'IO‘:

~  7.NH—CH,—C=CH 8 x 10— 55 X 10—

—  6-NH—CH—CH;0H 13 x 1077 -

CHj3

—  6-NH=—CH(C;Hs); 6 x 10—9 1.8 x 106

—  6-NH—CH;—(4-Cl—CgHy) 2.6 x 10—8 7'x10-8

— - T-NH—CH3{3,4,5(OCH3)3~C¢Hz] 2 x 10—5 7 x 10—8

—  6-NH—CO~CHj3 1.8 x 10—6 8.5 x 103

-~ '6-NH~-CO—NH, 1.6 x 106 1.2 x 103

~  7-NH—CH=C(COOEt) 34 x 106 3 x 10-8

—  7-N(C3H7)—CH==C(COOEt), 2.2 X 107 22 X 106

TABLE 2
L.C.sg-value using as substrate
["C]tryptamine [”C]pheny]ethylamine- :
Compound in mole/liter hydrochloride in mole/liter

- ' ' Joix 109 4 x 10-5

(CH3);CH—NH :

-— 1.8 x 10-6

C6H13 +

ﬁ/_-] Br—

(|36H13
(COOE1);,C=CH—N

As can be seen from the data listed in tables-1 and 2,
certain compounds within the scope of the present in-
vention inhibit the enzyme activity at very low concen-
tration when tryptamine is used as substrate, while a
much higher concentration is required to elicit an inhib-
iting effect when a phenylethylamine substrate is used.
Such compounds are preferably monoamine oxidase
inhibitors .of the type A. On the other hand certain
compounds have better inhibiting properties when -
phenylethylamine is used as substrate and, obviously,
such compounds have more monoamine oxidase prop-
erties of the type B.

As is generally known, compounds which are M.A-
.O--inhibitors of the type A can be used as antidepres-
sants while M.A.O.-inhibitors of the B-type can be used
as anti-Parkinson agents. Since both types of activity
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are present in the subject compounds they can theoreti-
cally be used in both applications. However, it is obvi-
ous that compounds with prevailing M.A.O.-type A
inhibiting activity are especially suited as antidepres-
sants while those with prevailing M.A.O.-type B inhib-
iting properties are particularly useful as anti-Parkinson
agents.

In view of the useful antidepressant and anti-Parkin-
son activity of the subject compounds of formula (I) this
invention provides valuable pharmaceutical composi-
tions comprising a compound of formula (I) or a phar-
maceutically acceptable acid addition salt or a metal salt
complex thereof in an amount which is effective to treat
depression and/or Parkinsonism, as the active ingredi-
ent, in a solvent or a solid, semi-solid or liquid diluent or
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carrier. Further it provides an effective method of treat-
ing depression, respectively Parkinsonism by adminis-
tering to the patient an amount of a compound of for-
mula (I) which is effective in the relevant circum-
stances. Obviously, the compounds of formula (I) may
optionally be used in combination with other therapeu-
tically active substances. Pharmaceutical compositions

comprising a compound of formula (I) as the active.

ingredient may be readily prepared according to con-
ventional pharmaceutical techniques for the usual
routes of administration.

Preferred compositions are in unit dosage form, com-
prising per dosage unit an effective quantity of the ac-
tive ingredient in admixture with suitable carriers. Al-
though the amount of the active ingredient per unit
dosage may vary within rather wide limits, dosage units
comprising from about 1 mg to about 500 mg and more
particularly from about 5 mg to about 200 mg of the
active ingredient are preferred.

The following examples are intended to illustrate and
not to limit the scope of the present invention.

PREPARATION OF INTERMEDIATES
Example I

To a stirred solution of 7.5 parts of 2-aminobenzo-
thiazole in 80 parts of acetonitrile are added 11.75 parts
of 2-bromo-1-(4-chlorophenyl)ethanone and the whole
is stirred for about 20 hours at room temperature. The
precipitated product is filtered off, washed with aceto-
nitrile, and dried, yielding 11.4 parts of 1-(4-chloro-
phenyl)-2-(2-imino-3(2H)-benzothiazolyl)ethanone hy-
drobromide; mp. 261°-272° C.

To a stirred suspension of 12.5 parts of 1-(4-chloro-
phenyl)-2-(2-imino-3(2H)-benzothiazolyl)ethanone hy-
drobromide in 160 parts of methanol and 100 parts of
water are added portionwise 1.25 parts of sodium boro-
hydride while cooling in an ice-bath. Upon completion,
stirring is continued for 1 h. 30 at room temperature.
The reaction mixture is evaporated in vacuo and the
residue is distilled. The formed precipitate is sucked off,
washed with water and dissolved in trichloromethane.
The water is separated and the solution is dried and
evaporated. The residue is crystallized from a mixture
of methylbenzene and petrolenmether, yielding 8.9
parts of a-(4-chlorophenyl)-2-imino-3(2H)-benzo-
thiazoleethanone; mp. 114° C.

Example II

To a stirred and cooled (0°-5° C.) mixture of 110
parts of concentrated nitric acid solution"and 314 parts
of concentrated sulfuric acid solution are added drop-
wise 60 parts of 1,2-dichloro-4-nonylbenzene. Upon
completion, stirring is continued for 30 minutes at 0° C.
The reaction mixture is poured onto crushed ice and the
product is extracted with 2,2-oxybispropane. The ex-
tract is washed successively with water and a sodium
hydrogen carbonate solution, dried, filtered and evapo-
rated, yielding 70 parts (100%) of 1,2-dichloro-4-nitro-
5-nonylbenzene as an oily residue.

Example I

To a stirred and refluxing mixture of 11.2 parts of
iron, 100 parts of ammonium chloride solution 0.8 N
and 20 parts of methylbenzene are added 10.5 parts of
(4-chloro-3-nitrophenyl)phenylmethanone and the
whole is further stirred at reflux temperature for one
hour. Methylbenzene (80 parts) is added and the whole
is filtered over Hyflo. The organic layer is separated,
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dried, filtered and evaporated. The residue is washed
with cyclohexane, yielding 8.4 parts of (3-amino-4-
chlorophenyl)phenylmethanone; mp. 91.9° C.

Example IV

A mixture of 120 parts of 1,2-dichloro-4-nitro-5-
nonylbenzene, 2 parts of zinc chloride solution, 83 parts
of sodium scetate and 480 parts of methanol is hydroge-
nated at normal pressure and at room temperature with
5 parts of palladium-on-charcoal catalyst 10%. After
the calculated amount of hydrogen is taken up, the
catalyst is filtered off and the filtrate is evaporated. The
residue is dissolved in water and the solution is alkalized
with ammonium hydroxide. The product is extracted
with 2,2"-oxybispropane. The extract is washed with
water, dried, filtered and evaporated. The residue is

‘distilled, yielding 59 parts of 2-nony1benzenamme, bp.

131°-132° C. at 0.2 mm pressure.

Example V

A mixture of 34 parts of 1-(4-methyl-3-nitropheny1)1-
butanone, 24 parts of 2-propanol saturated with hydro-
chloric acid and 400 parts of methanol is hydrogenated
at normal pressure and at room temperature with 5 parts
of palladium-on-charcoal catalyst 10%. After the calcu-
lated amount of hydrogen is taken up, the catalyst is
filtered off and the filtrate is evaporated. Water is added
to the residue and the whole is alkalized with ammo-
nium hydroxide. The product is extracted with 2,2'-
oxybispropane. The extract is dried, filtered and evapo-
rated, yielding 25.5 parts of 5-butyl-2-methylbenzena-
mine as a residue.

Example VI .

A mixture of 100 parts of 2-chloro-5-(1,1- dlmethyle-
thiyl)-1,3-dinitrobenzene and 800 parts of methanol is
hydrogenated at normal pressure and at room tempera-
ture with 10 parts of ruthenium-on-charcoal catalyst
10%. After the calculated amount of hydrogen is taken
up, the catalyst is filtered off and the filtrate is evapo-
ratéd. The residue is puriﬁed by column-chromatogra-
phy over silica gel using trichloromethane as eluent.
The pure fractions are collected and the eluent is evapo-
rated, yielding 69 parts (78%) of 2-chloro-5-(1,1-dime-
thylethyl)-3-nitrobenzenamine as a residue.

Example VII

A mixture of 50 parts of 2-chloro-5-nitrobenzena-
mine, 33.4 parts of methanethial and 450 parts of 1,4-
dioxane is stirred-and refluxed for 4 hours. The reaction
mixture is evaporated, yielding 62.2 parts of 1-chloro-2-
isothiocyanato-4-nitrobenzene as a residue.

Example VIII

A mixture of 17 parts (3-amino-4-chlorophenyl) phe-
nylmethanone, 9.5 parts of carbonothioic dichloride
and 200 parts of 1,4-dioxane is stirred and refluxed for
15 minutes. The reaction mixture is evaporated and the
oily residue is crystallized from 2,2'-oxybispropane. The
product is filtered off and dried, yielding 17 parts (85%)
of (4-chloro-3 -1soth10cyanatophenyl)phenylmethanone
mp. 96.7° C.

- In a similar manner there are also prepared:
1-1sothlocyanato 2-nonylbenzene as a residue;
4-butyl-2-isothiocyanato-1-methylbenzene as a residue;
2-chloro-1-isothiocyanato-3-nitrobenzene as a residue;
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2-chloro-5-(1,1-dimethylethyl)-1-isothiocyanato-3-
nitrobenzene; mp. 46.4° C.;
l-cyclohexyl-4—isothiocyanatobenzene as an oily resi-
due; and
1-(4-isothiocyanatophenyl)nonane as a residue.

EXAMPLE IX

To a stirred suspension of 29 parts of 1-chloro:4-iso- .

thiocyanato-2-nitrobenzene in 120 parts of ethanol 95%
are added dropwise 8.2 parts of 2-aminoethanol (exo-
thermic reaction: temp. rises from 25° to 32° C.). Upon

®

14
completion, stirring is continued for 30 minutes at room
temperature. The precipitated product is filtered off
(after cooling to 10° C.) and dried, yielding 30.7 parts
(82.5%) of N-(2-chloro-5-nitrophenyl)-N'-(2-hydroxye-
thyDthiourea; mp. 158.4° C.

Example X

Followmg the procedure described in Example IX
and using .equivalent amounts of the appropriate start-

10 ing materials there are also prepared:

RS-
1l
RI—NH-—C—NH
K Melting point in
R RY °C.
CH;CH;0H . 2-C1,5-COCgHs - 156.7
CH,;CH,;0H , 4-CqHy | 93.9
CHyCH,OH ' 2-NO; " - ' 133.0
" CHCH20H - 40—CgHs + ’ 118.8
C(CH3),CH,;OH 2-CL5-NO; - 170.0
CH;CH,0H 2,3-(CHy)4 157.6
CH,CH;0H 2-C3Hy 110.9
CH;CH;0H 4-CH(CH3); 145.3
CH,CH;0H 3,4-(CH3), 150.2
CH,;CH;0H 3,4-(CH3)2 ’ 151.6
CH,;CH;0H 4-CyHs 135.3
CH,CH;0H 3-C4Hy +70
CH,CH,;0H 3-C3Hy : +80
CH;CH;0H 2-CH3,5-CH(CH3)2 —
CH,CH,;0H 4-C(CH3)3 : 158.3
CH,CH,OH 3-C;Hs 100.1
CH,CH,OH 2-C4Hy 69.0
CH,CH;OH 3-C(CH3)3 —
CH;CH,0H 2-CgHy9 —
CH,CH,0H 3,4-(CH2)4 136.2
CH;CH;0H 2,5-(CH3)2 158.3
CH,;CH,;O0H 3-CsHyy 80.0
CH,CH,0OH 4-C3H7y —
CH,CH,OH 2-CHj3,5-C(CH3)3 92.0
CH>CH;OH 2-CH3,5-F 104.0
CH,CH,OH 4-CeHi3 —_
CH,CH;0H 3-CgHi3 —
CH,CH,0H 4-0—CHs 157.6
CH;CH>0H 2-CL,5-NO; —
CH;CH;0H 2-CL3-NO2 +170
CHCH,0H 2,4,5-(CH3)3 167.7
CH;CH,0H 2-CH3,5-C4Hog o
CH,CH,0H 2-C1,3-NO,,5-C(CH3)3 —_
CH,;CH(CH;3)OH 2-Cl,5-NO3 139.0
CH(C¢Hs)CH,OH — 160.8
CH,;CH,;OH 4c.CeHny 176.5
CH(C¢H5)CHOH 4-C3H7y 156.6
CH;CH,0H 4-CgHy9 98.4
CH(CgHs5)CH,0H 4-CgHy3 147.7
- . 115.8
CHZ—CH{ CHzO—@— CH(CH3)3 } OH
4-C(CHz3)3 140.3
CH;—CH ( CH20—< >—CH(CH3)3 ) OH
— 148.9
CH;—CH { CHzO—@—CH; ) OH
4-Cl 138.8
CHz—CH( CHzO—@—F ) OH
4-C(CH3)3 120.1

CHz—CH{C}hO—@—F } OH
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-continued

16

R

It
R4—NH—C—NH

Melting point in
°C.

R4 R®
4-Cl 144.0
CHZ—CH{ Cﬂzo—Q } OH
a '
CH;—CH(C¢Hs5)OH — 129.1

Example XI

To a stirred mixture of 6.4 parts of N-(4-fluoro-
phenyl)-N'-(2-hydroxyethyl)thiourea and 80 parts of
tetrachloromethane is added dropwise a solution of 4.8
parts of bromine in 40 parts of tetrachloromethane be-
tween 20° and 25° C. Upon completion, stirring is con-
tinued for 1 hour at reflux temperature. The reaction
mixture is cooled to room temperature. The precipi-

tated product is filtered off, washed with acetonitrile
and dried, yielding 5.8 parts of 2-[(6-fluoro-2-benzo-
thiazolyl)amino]ethanol ~ monohydrobromide;  mp.
163.6° C.

Example XII

Following the procedure described in Example X1
and starting from the corresponding thiourea there are
also prepared:

S
R?—NH
I RE
N

Salt Melting
or point in

R? R Base °C.
CH,CH,;0H 6-Cl —_— 138.1
CH,;CH,;OH 4-Cl — 102.2
CH,CH;O0H 6-C4Ho — 90.9
CH,CH;0H 4-NOy’ — 143.0
CH,CH,;0H 6-CHj3 —_ 131.6
CH,CH,;0H 6-OCH3 — 131.0
C(CH3);CH;0H 5-NO» — 199.0
CH,;CH;0H 4,5-(CH2)4 — 118.2
CHCH,0H 4-C3H, — 120.0
CH,CH,0H 4-CH;3 — 107.9
CH,CH,0H 5-CHj — +100
CH,CH,;0H 5,6-(CH3)2 — 186.7
CH,;CH,;0H 6-CH(CH3), HBr 128.8
CH;CH,;0OH 6-C2H; — 115.1
CH,CH,0H 5,6-(CH3)3 — 164.2
CH,CH,0H 5-C4Hyg — —_
CH3;CH,0H 5,6-(CH=CH~-— — 166.6

CH=CH)
CH,CH;0H 5-C3Hy — 72.8
CH,CH,;0H 4-CHj3,7-CH(CH3); — 127.9
CH,;CH;0H 4,5(CH=CH— — —_
CH==CH)

CH,CH,OH 4-CH(CHj3); HBr 150.7
CH;CH,;0H 5-C2H5 HBr 177.5
CH>CH;,;0H 4-C4Ho — 77.1
CHCH,0H 5-C(CH3)3 HBr 97.0
CH;CH,0H 6-0—C¢Hj HCl 146.4
CH;CH;0H 4-CgHy9 HBr 128.2
CH,CH;;0H 6-C(CH3)3 HBr —
CH,CH,;0OH 4,7-(CHz)y HBr 182.3
CH;CH;0H 5-CsHpy - —_
CH>CH,;0H 5,6-(CH2)4 HBr 184.4
CH)>CH;,;0H 6-C3H7 — —
CH,CH0H 4-CoH;s — 101.1
CH,CH,0OH 4-CHj3,7-C(CH3)3 — —
CH,CH,0OH 4-CH;3,7-F HBr 160.3
CH;CH;0H 6-CgH13 — —
CH,CH,0H 5-C¢Hj3 —_ —_
CH,CH;0H 6-0OC;,Hs — 127.0
CH,;CH,;0H 4,6,7-(CH3)3 - 135.6
CH,CH,;0H 4-CH3,7-C4Hg — —_
CH,;CH;0H 6-c. CgHyy {H,O 141.1
CH(C¢Hs)CH,OH — — 166.2



A mixture of 116 parts of N-(2-chloro-5 -mtrophenyl)
N’-(2-hydroxy-1-phenylethyl)thiourea, 50 parts of po-
tassium carbonate and 675 parts of N, N-dlmethylaceta-
mide is stirred and refluxed for 1 hour. The reaction
mixture is poured onto 2000 parts of water. After ‘cool-
ing, the whole is filtered over Hyflo and the product is
allowed to crystallize from the filtrate. It is filtered off
and dried, yielding 23 parts of B-(5-nitro-2-benzo-
thiazolylamino)benzeneethanol

In a similar manner there is also prepared:

2-(7-nitro-2-benzothiazolylamino)ethanol; mp. 176 8°
C.

Example XIV

A mixture of 28 parts of N-(2-chloro-5-mtro-
phenyDN'-(2-hydroxyethyl)thiourea, 14.5 parts of po-
tassium carbonate and 225 parts of N,N-dimethylforma-
mide is stirred and refluxed for one hour. After cooling,
300 parts of water are added. The precipitated product

45

50
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-continued e e -
RH—NH—'/ ‘Q—
. Salt Meiting
or point in .

R¢ R® CUBaSE e WCav e wmsrn e e e
CH;CH~—CH;0(4-Br—CgHy) - — 1446

bu |
CH(C¢Hs)CH,0H 6-C3H7 —_ 161.9
CH(C¢Hs)CH,OH 6-CgH13 - on2y.
CH2CH,0H 6-CoH g _ . 100.9
CHCH—CH;0(4-C(CH3)3—~CeHa) - — 1625

OH ‘
(CHy,CH—CH,0(4-C(CH3)3~C¢Hy) 6-C(CH3); - 194.4

(|)H o
CHyCH—CH;0(4-F—CgHy) 6Cl - leni

L!)H o
CHyCH—CH,0(4-F—CgHy) 6-C(CH3)3 o= 1623
- » LT
CH;CH—CH0(2-Cl—CgH.) &Cl - 140 ; .

c')H S ,
CH,CH—CH;0(4-CH3~—CgHy) - - 1287

OH
CH;CH~CH,0(2-Cl—CgHs) - - -

on

Example XIII

4" aium hydride dispersion 75% and 90 parts of N,N-dime-

‘thylacetamide is Stlrred and heated qulckly to 130° C.

. The reaction mixture is cooled, water is added and the

whole is allowed to stand overnight. The precipitated
product is filtered: off, washed with water and crystal-
lized from ethanol, yielding 2.8 parts of {2-[(2-hydrox-
yethyDamino]}-5- bcnzothlazolyl}phenylmethanone mp.
.159° C. Co

PREPARATION OF FINAL COMPOUNDS
Example XVI
. To a stirred and cooled (0° C.) solution of 19 parts of

. 2-[(5-mtro-2-benzoth1azolyl)ammo]ethanol in 18 parts
- of N,N-dimethylformamide is added dropwxse (slowly)

" a solution of 10.7 parts of thionyl chloride in 207 parts

55

is filtered off, washed with water and dried; yielding -

20.5 parts (82%) of 2-[(5-nitro-2-benzothiazolyl-
JaminoJethanol; mp. 183.4° C.
In a similar ‘manner there are also prepared
2-{[5-(1,1-dimethylethy)- 7—mtro-2-benzoth1azoly1~
Jamino}ethanol; mp. 200.7° C.; and
1-[(5-nitro- 2-benzothxazolyl)ammo] 2-propanol
200° C

mp.

Example XV

A mixture of ‘6 parts: of N-(S-Uenzoyl-z-chloro-
pheny)N'-(2-hydroxyethylthiouréa, 2:5° parts ‘of ‘§0-

of N, N-dlmethylformam1de Upon completlon, the mix-
ture is stirred and heated slowly to reflux and stirring at
reflux-is continued for 4 hours. After cooling, the pre-
cipitated product is filtered off and washed with N,N-
dimethylformamide and  2,2-oxybispropane, yielding

"17.5 parts (85%) of 2, 3- dihydro-6-nitroimidazo[2,1-
4b]benzoth1azole monohydrochlorlde, mp. 314°-316° C.
(dec) e

Example XVII

Follong the cyclization-procedure  described in
Example’ XVI and starting from an appropriately substi-
futed 2-[(2-benzothlazolyl)ammo]ethanol there are also

' prepared ’ :
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i
N S 7
- .
Ra_.LY R?
3 N
s .
Salt Melting
or point in
R? . RS Base °C.
—_— — HCI 2310
— 6-CO~—C¢Hs HCl 267.0
— 7-F - 98.8
— 7-Ci - 1799
—_ 5-Cl . _ 166.3 ~
— 5-NO; HCI 263.3
— 7-n . C4Ho HCl. $H 0 135.2
—_ 7-CH3 HCI +300° C.
— 7-OCH3 HCI 222.7
2-CH3,2-CH3 | 6-NO3z — ©oo2170
—_ 5,6-(CH2)4 HCI 287.6
—_ 6-CH3 HCI 4300
— 5-n. C3Hy HCl 221.2
— 5-CH3 HCl 293.4
— 6-CH3,7-CH3 HC1 292.1 °
— 74 . C3Hy (COOH); 183.9
— 7-CHs HCI 1989 -
- 6n.CsHy HCL. iH;0 207.8
—_ 6,7-(CH2)3 HCl 295-312
—_ 6-n . C3H7 HC! 2324
— 6,7(CH=CH=—CH=CH) HCl 2370
— 5-CH3,8-i . C3Hy HCI 229.1
— 5,6(CH=CH—CH=CH) HCl 296.3
— S-n. C4Hy HCl 225.6
— 5-i . C3Hy HCi 2N.2
— 6-t . C4Ho HCI 256.1
— 7-0—CgHs HCI 2224
— 5-n. CoHypg — 79.2
—. 7-t . C4Ho — 1203
— 6-C;H;s HCl 242.2
- 5.CH3,8-CH3 HCl . +300
— 6-n . CsHyy HCI 1934
— 5-CH3,8-t . C4Ho — 145.6
— 6,7(CH2)s - 116.1
— 7-n. C3Hy HC1 154.6
— 5-CH;3,8-F HCl1 2823
- " 5-CHs HCI] 239.1
— 7-n . C¢Hy3- HCIIH;0 1446
— 6n.CgHj3 HCl T 154.2
— 7-0—C;Hs — 88.3
© 2-CgHs 6-NO, HCl - 2584
— 8-NO; ¢ —- 182.4
— 5-CHj3,7-CH;3,8-CH3 L - 154.8
— 5-CH3,8-n . C4Ho —_ 640
— 6-t . C4Ho,8-NO2 f— 200.0
3-CH3 6-NO, - -
—_— 7-CHs — 1149
3-CHy0O(4-Br—Cg¢Hys) — HCI1 . 2247
2-CeHs 7-n. C4Ho HCI 2205 -
3-CHO(4-t . C4Ho—Cg¢Hy) — . — 110.8
2-C¢Hs - -~ 97.0
3-CH0(4-F—Cg¢Hy) . 7<Cl — 1390
2-CgHs 7-n. CgHj3 HCl 179.7
— 7-n . CoHyg HCI 152.9
2-CH0(4-t . C4HgCgHas) 7-t . CaHo “HCl 265.2
3.CH,0(4-CH3—CgHy) — HCI 202.2
3-CHO(2-Cl=~CgHy) 7-Cl — 1754
3-CH20(4-F—CgHs) 7-t . C4Ho - 1371
3-CH70(2-Cl—C¢Hy) — - 132.6
Example XVIII

60 propanol, yielding 1.6 parts of 2-(4-chlorophenyl)-2,3-
A mixture of 4 parts of a-(4-chlorophenyl)2-imino-3- dihydroimidazo{2,1-blbenzothiazole; mp. 143.3° C.

benzothiazolineethanol and 23 parts of concentrated

sulfuric acid is stirred first for 30 minutes in an ice-bath Example XIX

and further for 1 h. 30 at room temperature. The reac- A mixture of 50 parts of N-(2-hydroxy-2-phenyle-
tion mixture is poured onto crushed ice, alkalized with 65 thyl)N'-phenylthiourea, 30 parts of bromine and 800
ammonium hydroxide and the product is extracted with parts tetrachloromethane is stirred and refluxed for 2
trichloromethane. The extract is dried, filtered and hours. The reaction mixture is evaporated. From the
evaporated. The solid residue is crystallized from 2- residue, the free base is liberated in the conventional
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manner with ammonium hydroxide and extracted with
trichloromethane. The extract. is dried, filtered and
evaporated. The residue is suspended in boiling 4-meth-
yl-2-pentanone. The product is filtered off and stirred in

a diluted sodium hydroxide solution. The product is .

extracted with 4-methyl-2-pentanone. The extract is
_washed with water, dried, filtered and evaporated. The
residue is crystallized from acetonitrile. The product is
filtered off and dried, yielding 10 parts (22%) of 2,3-
dihydro-3-phenylimidazo[2,1-b]benzothiazole;
131.7° C. -

Example XX

To a stirred solution of 95 parts of .2,3-dihy-
droimidazo[2,1-b]benzothiazole in 480 parts of 2-
propanol are added 57 parts of nitric acid solution 66%.
The formed nitrate salt is filtered off and dried, yielding
129 -parts (100%) of 2,3-dihydroimidazo[2,1-blbenzo-
thiazole mononitrate; mp. 163.7° C.

Example XXI

10 Parts of 2,3-dihydroimidazo[2,1-b]benzothiazole
mononitrate are added portionwise to 55.2 parts of con-
centrated sulfuric acid at 0° C. Upon completion, stir-
ring is continued for 30 minutes. at room temperature.
The reaction mixture is poured onto crushed ice and the
whole is alkalized with ammonium hydroxide at a tem-
perature below 20° C. The product is extracted with a
mixture of trichloromethane and methanol (90:10 by
volume). The extract is washed with water, dried, fil-
tered and evaporated. The residue is crystallized from
160 parts of 1-butanol. The product is filtered off and
dried, yielding 8 parts (80%) of 2,3-dihydro-7-
nitroimidazol[2,1-b]benzothiazole; mp. 238.9° C. '

In a similar manner there are also prepared:

mp. .

Salt  Melting
or point in
R? RY base °C.
—  5.CH3, 7-NOy, 8-i . C3H7 — 139.2
—  6-NOy, 7-n. CgHj3 — 95.7
—  5-CHj3, 7-NOy, 8-CH3 — 207.6
—  6-NO3, 7-C3H;s —_— 176.9
—_ 6-NO3, 7-n . C3H7 — —
— = 6-NOjy, 7-n . C4Ho — 123-125
—  5-CHj3, 6-NO;, 7-CH3, 8-CH3 — 217.0
—  6-NO3, 7-CH3 — 233.6

Example XXII

A mixture of 11 parts of 2,3-dihydro-6-
nitroimidazo[2,1-b]benzothiazole and 80 parts of metha-
nol is hydrogenated at normal pressure and at room
temperature with 5 parts of palladium-on-charcoal cata-
lyst 10%. After the calculated amount of hydrogen is
taken up, the catalyst is filtered off and the filtrate is
evaporated. The residue is crystallized from dimethyl-
benzene. The product is filtered off and dried, yielding
5.6 parts of 2,3-dihydroimidazo[2,1-b]Jbenzothiazol-6-
amine; mp. 204°-210° C.

Following the same nitro-to-amine reduction there is
also prepared:
2,3-dihydroimidazo[2,1-b]benzothiazol-7-amine;

212°-216° C.

mp:
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Example XXIII
A mixture of 5.5 parts of 2,3-dihydro-5-

nitroimidazo[2,1-b]benzothiazole and 160 parts of meth-
anol, saturated with ammonia is hydrogenated at nor-
mal pressure and at room temperature with 2 parts of
platinum-on-charcoal catalyst 5%. After the calculated
amount of hydrogen is taken up, the catalyst is filtered
off and the filtrate is evaporated. The residue is crystal-
lized from l-butanol. The product is filtered off and
dried, yielding 3 parts of 2,3-dihydroimidazo[2,1-b]ben-
zothiazol-5-amine; mp. 229.2° C,
In a similar manner there are also prepared:

: . 1. 8
N S
~
T T
3 N %
Salt Melting
. or point in
RY RO base  °C.
2-CH3, 2-CH3 6-NH; — 198.0 .
FERES 5-CH3, 7-NH_, 8-i . C3H7 — 263.0
— 6-NH3j, 7-n . C¢H13 —_ 136.6:
— 5-CHg3, 7-NH;, 8-CH3 — —
2-C¢Hs 6-NH; — —_
—_ 8-NH — 199.0
— 6-NH3, 7-C2Hs — 235-242
— 6-NHj, 7-n . C3H7 — 181-185.4
— 6-NH3, 7-n . C4Ho — 153.1
— 6-t. C4Ho, 8-NH3 - 170.0
— . ..6-NH3, 7-CH3 — 226.3
3-CH3 6-NH 2HCL. 279.2
1H>0
Example XXIV

A mixture of 5.5 parts of imidazo[2,1-b]benzothiazol-
6-amine and 7.5 parts. of diethyl 2-(ethoxymethylene)-
propanedioate is stirred for 30 minutes at 110° C. The
solid product is suspended in 1,1'-oxybisethane. It is
filtered off and dried, yielding 10 parts (95%) of diethyl
2-[(2,3-dihydroimidazo{2,1-b]benzothiazol-6-
yl)aminomethylene]propanedioate; mp. 140° C.

In a similar manner the following compounds are
prapared starting from an appropriate amine and dieth-
yl-2-(ethoxymethylene)propanedioate:
diethyl 2-[(2,3-dihydroimidazo[2,1-b]benzothiazol-7-yl-

amino)methylene]propanedioate; mp. 156.1° C.;
diethyl 2-{[2,3-dihydro-5-methyl-8-(1-methylethyl-

)imidazo[2, 1-b]benzothiazol-7-yl]aminomethylene}-

propanedioate; mp. 142.3° C,;
diethyl 2-[(7-ethyl-2,3-dihydroimidazo[2,1-b]benzo-

thiazol-6-yl)aminomethylene]propanedioate hemihy-

drate; mp. 133.7° C,;

diethyl 2-[(7-butyl-2,3-dihydroimidazo[2,1-bJbenzo-
thiazol-6-yl)aminomethylene]propanedioate; mp.
133.2° C,;

diethyl  2-[(2,3-dihydroimidazo[2,1-bjbenzothiazol-8-
yl)aminomethylene]propanedioate; mp. 142.7° C.;

diethyl 2-[(2,3-dihydro-7-methylimidazo[2,1-b]benzo-
thiazol-6-ylamino)methylene]propanedioate; mp.
180.5° C.; .

diethyl 2-{[6-(1,1-dimethylethyl)-2,3-dihy-
droimidazo[2, I-b]benzothiazol-8-ylJaminome-
thylene}propanedioate; mp. 151.5° C.;

diethyl  2-[(7-hexyl-2,3-dihydroimidazo[2,1-bJbenzo-

thiazol-6-ylamino)methylene]propanedioate;
99.8° C.; and

mp.



4,262,004

23
diethyl  2-[(2,3-dihydro-3-methylimidazo[2,1-b]benzo-
thiazol-6-ylamino)methylene]propanedioate; mp.
110° C.

Example XXV

To a stirred solution of 10 parts of diethyl 2-[(2,3-
dihydroimidazo[2,1-b]benzothiazol-6yl)aminome-
thylene]propanedioate in 100 parts of hexamethylphos-
phoric triamide are added portionwise 1.1 parts of so-
dium hydride dispersion 76.1%:exothermic reaction
(temp. rises to 36" C.). After stirring for 30 minutes at
room temperature, 5.55 parts of diethyl sulfate are
added dropwise. Upon completion, stirring is continued
first for 8 hours at 40° C. and further overnight at room
temperature. 450 Parts of methylbenzene are added and
the whole is washed three times with 200 parts of water.
The organic phase is dried, filtered and evaporated,
yielding 12 parts of diethyl 2-{[(2,3-dihydroimidazo[2,1-
b]benzothiazol-6-yl)ethylamino]methylene}propane-
dioate as an oily residue.

Following the same procedure and using equivalent
amounts of the appropriate starting materials there are
prepared:

1 8

N S
~
£ T 3
3 N o

Melt-

ing
Salt  point

or in

R? R base  °C.
— 7-N(n . C3H7)4CH=C(COOC2H5)2 — 103.0

—  7-N(CH3)—CH=C(COOC;H5s); —_ _
— 6-N(CH3)—CH=C(COOC;Hjs), - 141.7
—  6-N(nC3H7)—CH=C(COOC;Hs); — 145.6
- 120.0

7-N(CH2CECH)—CH=C(COOCsz)z
7-N(CHs5)—CH=C(COOC;Hs);

7-N(n . C4H9)CH=C(COOC;H3);

7-N(n . CeH13)CH=C(COOC,H5s);
7-N(C2Hs)CH=C(COOC;,Hjs)y;

5-CH3; 8-i . C3Hy
6-N(CH3)CH=C(COOC;Hs)y; 7-C2Hj5
6-N(C2Hs5)CH=C(COOC;Hs);;

7-CyH5 -
6-N(CH3)CH=C(COOC;Hjs);;

7-n . C4Hg
8-N(C2H5)CH=C(COOC;Hs),
6-N(CzHs)CH=C(COOC,Hj5)y;

7-n. C4Hg
6-N(C;Hs5)CH=C(COOC;H3)y; 7-CH3
8-N(C;Hs5)CH=C(COOC;Hs);

6-t.CqHg
6-N(CH3)CH=C(COOC;Hjs)y;

7-CH3
6-N(CH3)CH=C(COOC;Hjs);;

7-n. CsHy,
6-N(C2H5)CH=C(COOC;H3)y;

7-n. CgHy3
6-N(n . C3H7)CH=C(COOC;H3)y;

7-CH3
3-CH3 6-N(CH3)CH==C(COOC;Hjs),
3-CHj3 6-N(C2Hs)CH=C(COOC;H5s);
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Example XXVI

A mixture of 12 parts of diethyl 2-{[(2,3-dihy-
droimidazo[2,1-b]benzothiazol-6-yl)ethylamino]me-
thylene}propanedioate, 36 parts of concentrated hydro-
chloric acid and 30 parts of water is stirred and refluxed
for 15 minutes. The reaction mixture is cooled and alkal-
ized with ammonium hydroxide. The product is ex-
tracted with methylbenzene. The extract is washed with
water, dried, filtered and evaporated. The residue is
crystallized from 4-methyl-2-pentanone. The product is
filtered off and dried, yielding 2 parts of N-ethyl-2,3-
dihydroimidazo[2,1-bJbenzothiazol-6-amine; mp.
239°-246° C.

In a similar manner there are also prepared:

1 8

N s
wf T
3 N 6

Salt or Me]ting point

Rb

R4 RS base in °C.
—  7-NH-n. C3Hy — 173.4-175.4
—  7-NH—CH3; — 207.5
~—  6-NH-n.C3Hy — 153.4
— 6-NH—CH; —_ 218.3
—  7-NH-—-CH;~C=CH — 146.6
—  7-NH—C3Hs — 186.4
—' 7-NH-n. CsHg — 147.5
—  7-NH-n. C¢H;3 — 133.1
— 5-CH3, 7-NH—C;Hs, 8-i . C3Hg — 136.2
- 6-NH—CHj, 7-CHs - — 2334
—  6-NH=—C;Hs, 7-C3H5s — 1372
~  6-NH—CHj, 7-n . C4Hg — 147.1
—  8-NH—C3H;s — 144.0
—  6-NH—CHs, 7-n. C4Hg — 1163
—  6-NH—C3Hs, 7-CH3 — 199.7
— 6-t . C4Hg, 8-NH~—C,H; — 168.4
—  6-NH~CH3, 7-CH;3 — 263.7
—  6-NH—CH3, 7-n. CgHj3 — 136.4
— 6-NH=—C3Hs, 7-n . CgH,3 — 80.7
- 6-NH-n . C3H7, 7-CH3 — 119.4
3-CH;3 '6-NH—CH3 — 144.9
3-CH3 6-NH—C,Hs — 124.9

Example XXVII

To a stirred mixture of 4 parts of imidazo[2,1-b]ben-
zothiazol-6-amine and 30 parts of acetic acid are added
1.6 parts of 2-propanone. After stirring for 10 minutes at
room temperature, 0.6 parts of sodium borohydride are
added portionwise at 20° C. (cooling is necessary).
Upon completion, stirring is continued for 10 minutes.
The reaction mixture is poured onto water and the
whole is alkalized to pH 7-8 with ammonium hydrox-
ide. The product is extracted with trichloromethane.
The extract is washed with water, dried, filtered and
evaporated. The residue is purified by column-
chromatography over silica gel using a mixture of tri-
chloromethane and methanol (95:5 by volume), satu-
rated with ammonia, as eluent. The pure fractions are
collected and the eluent is evaporated. The residue is
crystallized from 4-methyl-2-pentanone. The product is
filtered off and dried, yielding 2.5 parts (54%) of 2,3-
dihydro-N-(1-methylethyl)imidazo[2, 1-bJbenzothiazol-
6-amine; mp. 128.2° C.



4,353,004
25

1

N
R,,_E_Y
3 - N

RS

3 . )
- . .. Saltor . Melting point
R? RE’ - ‘base v - -in °Gw
—_ 6-NH-c . CsHyg P — Lo 146.8
— 6-NH-c . C¢Hyy R e 159,3
—_ - 187.0
6-NH N—CH;
~— ' TNHe.CHy U = e
" — ¢ 9-NH-c.CsHp Lo o - T 143,
o e S S C119.1
“1-NH
— 7-NH-i.C3Hy ERE AR TR . S0U146.9 %
— " I-NH—CH—C¢Hs . L g e -~ 1355
- 7-NH-adamantyl . s L —_— 175.0
L 7-NH< . C7H13 : ‘ ) 2HCI 266.5
— - .7-NH=CH(CHs); Ve i ‘1702
- 7-NH-—CH2[(345(0CH3)3- st 4 2HC 210.8
' CeH3l Le e e
- 6NH=CH(C:Hs)2 . . s g 125.3
= ,7-NH-(I:H—(CH1)3N(Csz)z ..o, SHCLLH0 - 209.1
CHj3 ’ : N
—_ 5-NH—CH(CH3)2 . HCl 259.8
- 7-NH—CH(CH3)C;Hs - 137.5 -
—. JNH—CH(CH3)n . C3H7. .. - L 1120
- 6-NH-—CH(CHy)n . C3H7 . : - - 108.5
— 6NH—CH(CH)C;Hs " -+ - 17.4-
e 2 {-NH=CH(CH3)i .C3H; = i 154.1
e . 7-NH=CH(CH3)n . C4Ho — 106.5
oo 6-NH==CHy—=(4-Cl—CgHy) . - v 1789
2-CH3.2-;9H3 "6NH-i . C3Hy HCl 2348
© =" 1-NH=CH;—C(CH3)3 ) T e 1453
Z& 0% G:NH=+CH~~C(CH3); e 158.9°
= 7-NH—CHj~(2,4-Cl— .7 2HCI: dHpO 7 3300
CgH3)
6-NH~—~CH(4-OCH3—" - - : 165.5
e '7~NH—-CH2(4-CH3—C5H4) AR - ft 164
—. . 6-NH==CHa[(3,4,5- =~ = .. ' - §CyHsOH . .168.0
. (OCH3p3~CeHa]. - . =i oo B :
-, -NH-CHz[(3,4,S~ ) T 7 X I
" (OCH;3)3—=C¢Hg] e o
- """ 5.CH3, T:NH-i . C;H-/, . o Ve 125.8
. 8-i. CsHy ’ ER . '
_— g 5-CH3, 7-NH—c LCsHe, .~ .. . - 2HCI.2H20 243.1
- -cu;, 7-NH-CH(C2H5)2, "0 2HCH!2H0 2198
. ’ 8-i . C3H7 T oo b ’ :
- 5:CHy, 7-NH-i . C3Hy, - 134.1
SCH; . )
‘— . . .6-NH:i.C3Hy, T-n. CeH13 o 2HC| 12H:0 210.6
2.-C¢Hs ~_ 6-NH-i. CiH7 c s - 133.2.
— " "8:NH-i". C3Hy ‘ — 1339
— 6-NH—CH(CH3)CH,0H - 2219
_-— 6-NH-c . CsHg, 7-C2Hs B e 0 e 126.8
— 6-NH-~~CH(C2Hs);7-CoHs .o ., - . HCI.4H0 - 1836
- 6-NH-i.C3H7, 7-C;Hs . . HCl . 2570
- 8.NH—CH(C;Hs); ~ ~ = = o — 1454
e 6-NH=CH(CH3), 7- EoT o fss
: n. CaH o o o R
- 6NH—CH(CHs)y, 7-n . C4H9 e 69.4
- 6-NH-c . CsHy, 7-n .. C4Hg S - — 86.3
— 6-NH~CH(C;Hs);, -CH3 o - 4.1
— 6-NH-i . C3Hy, 7-CH3 : o B 159.3
= 6-NH-c.CsHy; 7-:CH3 .= "~ - 17 Wb e T 156.0 -
— 6-NH—CH(CH3)CH;0H,7-CH3., -, S 2042 s
— __ 6t.CqHy, 7-NH-i.C3Hy . - .. 1854
— . . 6NH—CH(CH3)CH,0H,7-C;H;s . P ns.
- " 6-NH—CH(CH3)CH20H, 7-n . 'C3Hy = : 161.0

— 6-NH-c. CsHg, 7-n. CgHy3 BRI f- HCL 2082
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-continued

Melting point

Salt or
R? RY base ~in°C.
— 6-NH—CH(C;Hs)y, 7-n . CéHy3 “HCl T T IR R e SR TR :
—_ 6-NH—CH(CH3); 2HCI 239.6

Example XXVIII

To a stirred mixture of 60 parts of trifluoroacetic acid
and 4 parts of sodium borohydride are added portion-
wise, during a 5 hours-period, 4 parts of 2,3-dihy-
droimidazo[2,1-b]benzothiazol-6-amine at 30°-40° C.
The reaction mixture is poured onto 300 parts of ice-
water. The precipitated product is filtered off, washed
with water and taken up in trichloromethane. The mix-
ture is washed with ammonium hydroxide. The organic
phase is dried, filtered and evaporated. The residue is
crystallized from acetonitrile, yielding 3.3 parts of 2,3-
dihydro-N-(2,2,2-trifluoroethyl)imidazo[2,1-bJbenzo-
thiazol-6-amine; mp. 211.7° C. ’

Example XXIX

To a stirred and cooled mixture of 5 parts of 2,3-dihy-
dro-imidazof2,1-bJbenzothiazol-7-amine and 200 parts
of formic acid are added portionwise 9.8 parts of so-
dium borohydride while nitrogen gas is introduced.
Upon completion, stirring is continued first for 1 hour at
40° C. and further overnight at room temperature. The
reaction mixture is evaporated and 500 parts of water
are added to the residue. The aqueous phase is washed
with 4-methyl-2-pentanone and filtered over hyflo. The
filtrate is alkalized with ammonium hydroxide and the
product is extracted with trichloromethane. The extract
is washed with water, dried, filtered and evaporated.
The residue is purified by column-chromatography
over silica gel using a mixture of trichloromethane and
methanol (93:7 by volume), saturated with ammonia, as
eluent. The pure fractions are collected and the eluent is
evaporated. The residue is crystallized from a mixture
of methylbenzene and 2,2"-oxybispropane. The product
is filtered off and dried, yielding 2.4 parts of 2,3-dihy-
dro-N,N-dimethylimidazo[2,1-b]benzothiazol-7-amine;
mp. 144.3° C

In a similar manner there are also prepared:
2,3-dihydro-N,N-dipropylimidazof2, 1-b]bénzothiazol-

7-amine; mp. 82° C,;
N,N-diethyl-2,3-dihydroimidazo[2,1-b]benzothiazol-6-

amine; mp. 136.2° C.; and )
2,3-dihydro-N,N-dimethylimidazo[2,1-bjbenzothiazol-

6-amine; mp. 171° C.

Example XXX

To a stirred mixture of 360 parts of formic acnd and
7.5 parts of 2,3-dihydroimidazo[2,1-b]benzothiazol-8-
amine are added portionwise, during a 2 hours-period,
- 14.7 parts of sodium borohydride while nitrogen gas is
introduced and the temperature is kept at about 30° C.
Upon completion, stirring is continued first for 1 hour at
about 60° C. and further overnight at room tempera-
ture. 200 Parts of water are added to the reaction mix-
ture and the whole is alkalized with ammonium hydrox-
ide at a temperature below 10° C. The product is ex-
tracted with warm trichloromethane. The extract is
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“methylimidazo[2, l-b]benzothlazol-é-amme

filtered over Hyflo and the filtrate is evaporated. The
residue is boiled in 1,1'-oxybisethane.. The product is

filtered off (the filtrate is set aside) and dried, yielding 1

part of N-(2,3-dihydroimidazof2,1-b]Jbenzothiazol-8-
yl)formamide; mp. 217°°C. *

The filtrate, which was set aside (see above), is evap-
orated. The residue is purified by column-chromatogra-
phy over silica gel using a mixture of trichloromethane
and methanol (95:5 by volume), saturated with ammo-
nia, as eluent. The pure fractions are collected and the
eluent is evaporated. The residue is converted into the
hydrochloride salt in 2-propanol. The salt is filtered off
and crystallized from 2-propanone, yielding 1.1 parts of
2,3-dihydro-N,N-diimethylimidazo[2, l-b]benzothlazol-
8-amine dihydrochloride hemlhydrate mp 205 9°C

Example XXXI o

A mixture of 7 parts of dimethyl carbonate, 3 parts of
2 3-dlhydromudazo[2 l-b]benzoth1azol—6—amme and 70
parts of water is stirred and refluxed for 1 hour. The
reaction mixture is cooled and alkalized with ammo-
nium hydroxide. The precipitated product is filtered off
and crystallized from ethanol, yielding. 1.6 parts of N-
(2,3-dihydroimidazo[2, 1-b]benzoth1azol-6-y1)acetam1de

‘mp. 268° C.

Example XXXII

of 10 . parts ‘of | 2, ;3-dihydro-7-
and 120
parts of formic acid is stirred and refluxed for 3 hours.
The reaction mixture is poured onto water and the
whole is alkalized with ammonium hydroxide. The
precipitated product is filtered off and crystallized from
N,N-dimethylformamide, yielding, " after’ drying, 6.3
parts of N-(2,3-dihydro-7-methylimidazo{2,1-bjbenzo-
thiazol-6-yl)formamide; mp. 256.8° C

Example XXXIII .

“To a stirred mixture of 5.5 parts of N-’(2‘,3—dihydro-7-
methylimidazo[2,1-b]benzothiazol-6-yl)formamide and
80 parts of hexamethylphosphoric triamide are added
portionwise 1.24 parts of sodium hydride dispersion

A mixture

* 75.8%. After stirring for 2 hours at room temperature,

60
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there are added dropwise 4.9 parts of dimethyl sulfate.
Upon completion, stirring is continued for 3 hours at

50° C. and overnight at room temperature. 4-Methyl-2-

pentanone and water are added and the layers are sepa-
rated. The aqueous phasé is extracted twice with 4-
methyl-2-pentanone. The combined organic phases are
washed with water, dried, filtered and evaporated. The
residue is crystallized from methylbenzene. The prod-
uct is filtered off and dried, yielding 1.5 parts of N-(2,3-
d1hydro-7-methy11m1dazo[2 1-b]benzoth1azol 6-yl)-N-
methylformamide; mp. 164.2° C. ..
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Example XXXIV

A stirred and warm solution of 4.5 parts of N- ethyl-
2,3-dihydroimidazo[2,1-b]benzothiazol-6-amine  in 30

parts of acetic acid is acidified with 2-propanol, satu- 5

rated with gaseous hydrogen chloride. After cooling to
room temperature, the formed hydrochloride salt is
filtered off and dried at 150° C., yielding 2.1 parts of
N-ethyl-2,3-dihydroimidazo[2,1-b]benzothiazol-6-
amine monohydrochloride- mp. 289.2° C

Example XXXV

A mixture of 3 parts of 2,3-dihydroimidazo[2, 1 b]ben-
zothiazol-7-amine, 15 parts of 2-bromo-2-methylpio-
pane and 13.5 parts of N,N-dimethylformamide is
stirred for 20 hours at 80° C. The reaction mixture is
poured onto 50 parts of water. The precipitated product
is filtered off, washed successively with water, 2-
propanol and 2,2'-oxybispropane, and dried, yielding 3
parts of N-(2,3-dihydroimidazo[2,1-bJbenzothiazol-7-
yl)formamide monohydrobromide; mp. 287.3° C.

Example XXXVI

To a stirred mixture of 3 parts of imidazo[2,1-b]ben-
zothiazol-6-amine, 16 parts of acetic acid and 32 parts of
water is added dropw1se a solution of 1.54 parts of po-
tassium cyanate in 32 parts of water (slightly exother-
mic reaction). Upon completion, stirring is continued
overnight at room temperature. The reaction mixture is
alkalized with ammonium hydroxide. Upon stirring, the
product is precipitated. It is filtered off and dried, yield-
ing 3 parts of N-(2,3- dlhydr01m1dazo[2 1-bjbenzo-
thiazol-6-ylurea; mp. +300° C ;

Example XXXVII

~To a stirred mixture of 4 parts of (2,3-dihy-
- ‘droimidazo[2,1-bJbenzothiazol-6-yl)phenylmethanone
:monohydrochloride, 3 parts of sodium methoxide and
60 parts of methanol are added portionwise 1.5 parts of
sodium borohydride. Upon completion, stirring is con-
tinued for 5 minutes at reflux temperature. The reaction
mixture is cooled and upon the addition of water, the
product is allowed to crystallize. It is filtered off and
recrystallized from 4-methyl-2-pentanone. The product
is filtered off and dried, yielding 0.4 parts of 2,3-dihy-
dro-a-phenylimidazo[2,1-b]benzothiazole-6-methanol;
mp. 175.2° C.

Example XXXVIII

A mixture of 10 parts of 7-ethoxy-2,3-dihy-
droimidazo[2,1-b]benzothiazole and 150 parts of hydro-
bromic acid solution 48% in glacial acetic acid is stirred
and refluxed overnight. The reaction mixture is evapo-
rated. The solid residue is washed with ethanol and
crystallized from ethanol 80%. The product is filtered

off and dried, yielding 8 parts of 2,3-dihy-
droimidazo[2,1-b]benzothiazol-7-ol monohydrobro-
mide; mp. 259.9° C. )
Example XXXIX
A mixture of 3.8 parts of 2,3-dihydro-7-

methylimidazo[2,1-b]benzothiazole, 11 parts of (2-
bromoethyl)benzene and 40 parts of acetonitrile is
stirred and refluxed for 8 hours. After cooling, the pre-
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cipitated product is filtered off and dried, yielding 6 65

parts of  2,3-dihydro-7-methyl-1-(2-phenylethyl-
Yimidazo[2,1-b]benzothiazolium bromide; mp. 150.6° C.
In a similar manner there are also prepared:
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7-butyl-1-hexyl-2,3-dihydroimidazo[2,1-b]benzo-
thiazolium bromide; mp. 178.7° C,;
2,3-dihydro-7-methyl-1-(2-propynyl)imidazo[2, l-b]ben-
zothiazolium bromide; mp. 242.5° C.;
6-amino-7-butyl-1-(2,6- dlchlorophenylmethyl)-Z,3-
dihydroimidazo[2,1-b]benzothiazolium chloride
monohydrate; mp. 152° C
2,3-dihydro-1-(1-methylethyl)-6-
(propylamino)imidazo[2,1-b]benzothiazolium
. mide; mp. 237.7° C,;
1-(2,6-dichlorophenylmethyl)-6-(ethylamino)-2,3-dihy-
droimidazo{2,1:b]benzothiazolium  monochloride;
mp. 268.3° C,; and
6-(ethylamino)-2,3-dihydro-1-methylimidazo[2,1-b]ben-
zothiazolium monoiodide; mp. 273.8° C.

Example XL

To a stirred mixture of. 10 parts of diethyl 2-[(2,3-
dihydroimidazo[2,1-b}benzothiazol-7-ylamino)me-
thylene]propanedioate, 1.1 parts of sodium hydride
dispersion 76.8% and 100 parts of hexamethylphos-
phoric triamide are added 13.2 parts of 1- bromohexane,
The whole is stirred over weekend at 50° C. The reac-
tion mixture is poured onto methylbenzene. The latter is
washed three times with water, dried, filtered and evap-
orated. The residue solidifies on triturating in 1,1"-0xy-
bisethane. The product is filtered off and crystallized
from " 4-methyl-2-pentanone, yielding 4.5 parts of 7-
{[2,2-bis(ethoxycarbonyl)ethenylJhexylamino}-1-hexyl-
2,3-dihydroimidazo[2,1-b]benzothiazolium = bromide;
mp. 162° C.

bro-

Exam}ple XLI

To a stirred solution of 0.5 parts of 2,3-dihydro-N-(1-
methylethyl)imidazo[2,1-b]benzothiazol-8-amine in 16
parts of methanol is added a solution of 0.184 parts of
copper dichloride dihydrate in 4 parts of methanol. The
precipitated product is filtered off, boiled in 40 parts of
methanol, filtered off again and dried in vacuo at room
temperature. The product is further dried for 2 hours in
vacuo at 120° C., yielding 0.47 parts of bis[2,3-dihydro-
N- (1-methylethy1)1m1dazo[2 1-b]benzothiazol- 8-amme]
copper (2+) dichloride; mp. 207.9° C.

What is claimed is:

1. A composition to treat depressions, comprising an
inert carrier and, as an active ingredient, an amount,
which is effective to treat depressions, of a compound
selected from the group consisting of a 2,3-dihy-
droimidazo[2,1-bjbenzothiazole which may structurally
be represented by the formula

RS
1
R? SﬁéN B2
N—\TT
& 3
R : Ior
R

and the pharmaceutically acceptable acid addition salts
thereof, the imidazo[2,1-b]benzothiazolium salts of for-
mula
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RS 1}9 *
4 1
R’ S N R Rr2
d
1 l . Xn—
N
3
RS R R
RS

and metal salt complexes thereof with a transition metal
salt, wherein:

R!and R3 are each independently selected from the
group consisting of hydrogen and lower alky];

RZ and R4 are each independently selected from the
group consisting of hydrogen, lower alkyl, aryl,
aryllower alkyl, lower alkyloxy-lower alkyl or
aryloxylower alkyl;

R5, RS, R7 and R8 are each independently selected
from the group consisting of hydrogen; halo; nitro;
alkyl having from 1 to 20 carbon atoms; cyclalkyl
having from 3 to 6 carbon atoms; hydroxy; lower
alkyloxy; aryloxy; a-hydroxy-arylmethyl; amino;
mono- and dialkyl-amino; mono-, di- and trihalo-
lower alkylamino; lower alkenylamino; lower al-
kynylamino; (aryl-lower alkyl)amino; (lower al-
kyloxy-lower alkyl)amino; (hydroxy-lower alkyl-

- )amino; (aryloxy-lower alkyl)amino; [mono- and
di(lower-alkyl)amino-lower alkyl]amino; lower
alkanoylamino;  N-(lower  alkyl)lower al-
kanoylamino; aminocarbonylamino; (1-lower al-
kyl-4-piperidinyl)amino; cycloalkylamino wherein
said cycloalkyl represents a mono-, bi-, tri- or tetra-
cyclic hydrocarbon radical having from 3 to 10
carbon atoms; and a radical of the formula

—N=—CH=C(COO-lower alkyl);
RIO

wherein

R10 s selected from the group consisting of hydro-

" gen, lower alkyl, lower alkenyl and lower alkynyl;
or, when taken together R5 and RS, R6 and R7. or
R7and R8may form a tri- or tetramethylene bridge
or complete a fused benzene nucleus;

R?is a member selected from the group consisting of
lower alkyl, lower alkenyl, lower alkynyl and aryl
lower alkyl; and

X is a pharmaceutically acceptable anion and n repre-
sents the valency of the anion;

wherein aryl as used in the foregoing definitions is
phenyl; optionally substituted with 1 to 3 substitu-
ents each independently selected from the group
consisting of halo, lower alkyl, lower alkyloxy and
triftuoromethyl; and aroyl is arylcarbonyl.

2. A composition to treat depressions, comprising an
inert carrier and, as an active ingredient, an amount,
which is effective to treat depressions, of a compound
selected from the group consisting of N-ethyl-2,3-dihy-
droimidazo[2,1-b]benzothiazol-6-amine, the pharma-
ceutically acceptable acid addition salts thereof, are
pharmaceutically acceptable corresponding imida-
20[2,1-b]benzothiazolium salts thereof, and the metal
salt complexes thereof with a transition metal salt.

3. A method of treating depressions in patients, which
comprises  the systemic administration to said patients,
in need of same, of an effective anti-depressive amount
of a compound selected from the group consisting of a
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2,3-dihydroimidazo[2,1-b]benzothiazole which ma
structurally be represented by the formula :

RS
R!
7 S N 2
R ﬁ =z R
N ——\’:
RE . R R3
RS )
and the pharmaceutically acceptable acid addition salts

thereof, and imidazo[2,1-b]benzothiazolium salts of for-
mula

RS 139 *
1 1
R7 s N PR
‘ Y . Xn“
N
6 3
R : e R
R

and metal salt complexes thereof with a transition metal
salt, wherein: :

R!and R3 are each independently selected from the
group consisting of hydrogen and lower alkyl;

RZ and R* are each independently selected from the
group consisting of hydrogen, lower alkyl, aryl,
aryl-lower alkyl, lower -alkyloxy-lower alkyl or
aryloxy-lower alkyl;

R35, RS, R7 and RS are each independently selected
from the group consisting of hydrogen; halo; nitro;
alkyl having from 1 to 20 carbon atoms; cycloalkyl
having from 3 to 6 carbon atoms; hydroxy; lower
alkyloxy; aryloxy; a-hydroxy-arylmethyl; amino;
mono- and dialkyl-amino; mono-, di- and trihalo-
lower alkylamino; lower alkenylamino; lower al-
kynylamino; (aryl-lower alkyl)amino; (lower al-
kyloxy-lower alkyl)amino; (hydroxy-lower alkyl-
Jamino; (aryloxy-lower alkyl)amino; [mono- and
di(lower alkyl)amino-lower alkyl]lamino; lower
alkanoylamino;  N-(lower  alkyDlower  al-
kanoylamino; aminocarbonylamino; (1-lower al-
kyl-4-piperidinyl)amino; cycloalkylamino wherein
said cycloalkyl represents a mono-, bi-, tri- or tetra-
cyclic hydrocarbon radical having from 3 to 10
carbon atoms; and a radical of the formula

—N=—CH=C(COO-lower alkyl);
RI10

wherein

R10 s selected from the group consisting of hydro-
gen, lower alkyl, lower alkeny! and lower alkynyl;
or, when taken together RS and RS, R and R7, or
R7and R8 may form a tri- or tetramethylene bridge
or complete a fused benzene nucleus;

RYis a member selected from the group consisting of
lower alkyl, lower alkenyl, lower alkynyl and aryl-
lower alkyl; and '

X is a pharmaceutically acceptable anion and n repre-
sents the valency of the anion;

wherein aryl as used in the foregoing definitions is
phenyl, optionally substituted with 1 to 3 substitu-
ents each independently selected from the group
consisting of halo, lower alkyl, lower alkyloxy and
trifluoromethyl; and aroyl! is arylcarbonyl.

%* * % * £
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